Cumulus-enclosed pig oocytes were matured in vitro, freed from cumulus cells, and inseminated with frozen\p=n-\thawed ejaculated spermatozoa in a chemically defined protein-free medium containing 37.0 mmol NaHCO3 l\m=-\1and 5 mmol caffeine l\m=-\1. When the medium was supplemented with 1 mg polyvinylalcohol (PVA) ml\m=-\1, more penetrated oocytes were observed 14 h after insemination with 7\p=n-\12\m=x\106 cells ml \ m=-\ 1 than with 4\p=n-\5\m=x\106 cells ml \m=-\ 1 and the incidence of polyspermy reflected the sperm concentration used. Varying the NaHCO3 concentration but maintaining the sperm concentration at 8 \m=x\106 cells ml \ m=-\ 1 resulted in significantly more oocytes being penetrated in media containing 45.83\p=n-\50.25 than 37.0\p=n-\41.42mmol NaHCO3 l\m=-\1; there were no significant differences in the incidence of either male pronuclear formation or polyspermy. In medium containing 45.83 mmol NaHCO3 l \ m=-\ 1, the inclusion of PVA at 0\p=n-\5 mg ml\m=-\ had no effect on proportions of penetrated oocytes, male pronuclear formation or polyspermy. However, when spermatozoa from three different boars were evaluated, the penetration and male pronuclear formation rates were highly variable, unlike the incidence of polyspermy. Penetration of cumulus-free oocytes was first detected at 6 h. When (DasGupta et al, 1993) and bovine (Fraser et al, 1995) spermatozoa.
Introduction
Many successful systems for in vitro fertilization of pig oocytes matured in vivo or in vitro with fresh ejaculated or epididymal boar spermatozoa have been developed. In all of these, fertilization media contain a proteinaceous macromolecule such as bovine serum albumin (BSA; e.g., Yoshida et al, 1993) and fetal calf serum (FCS; e.g., Funahashi and Day, 1993a) . Medium containing BSA or FCS has also been shown to support successful in vitro fertilization of pig oocytes with frozen-thawed epididymal (Nagai et al, 1988;  Kikuchi et al, 1993) and ejaculated (Wang et al, 1991; Zheng et al, 1992) spermatozoa. In other mammals, including ham¬ sters (Bavister, 1982) , mice (Fraser, 1985) , and cattle (Tajik et al, 1993) , penetration of oocytes in vitro has proved possible in media without protein when cumulus-enclosed oocytes were inseminated. Although no studies have exam¬ ined rigorously whether such proteins are necessary for inducing boar sperm capacitation and penetration of oocytes in vitro, a recent study by Funahashi and Day (1993b) indicated that penetration rates of cumulus-enclosed pig oocytes with fresh ejaculated spermatozoa are lower in a protein-free fertilization medium (pH 7.4) . Experiments using frozen-thawed ejaculated spermatozoa indicated that the pH of the medium influences penetration rates in vitro of cumulus-free pig oocytes: FCS-containing medium at pH 7.8 (Wang et al, 1994) supports higher penetration rates than does the same medium at pH 7.4 (Wang et al, 1992) . (CTC) analysis was performed to assess capacitation of sper¬ matozoa incubated in the medium with optimized conditions. The CTC fluorescence technique, first used by Ward and Storey (1984) to assess the functional status of mouse sperma¬ tozoa, has been used to monitor capacitation and acrosomal exocytosis in mouse (Fraser and McDermott, 1992) , human (DasGupta et al, 1993) and bovine (Fraser et al, 1995) spermatozoa.
Materials and Methods

Media
The basic medium, designated (Table 2) . However, the proportions of both pronuclear (32-41%) and polyspermic (39-54%) oocytes were similar in all groups. (OKA-5) incubated in the presence and absence of 1 mg PVA ml~' were examined (n = 3). In the second series of exper¬ iments, time-dependent changes in these parameters were compared using spermatozoa from three boars (OKA-3, L-4 and OKA-5) in the medium containing 1 mg PVA ml" (n = 3).
Using spermatozoa from boar OKA-5, sperm motility gradually decreased over the 6 h incubation (Fig. 2a) ; despite this, no significant decrease was observed in the percentage of Although Hyne (1984) suggested that NaHC03 functions as a buffering component for guinea-pig spermatozoa to undergo the acrosome reaction, in the present study the pH was quite constant (7.7 ± 0.03) over the range of NaHC03 concen¬ trations used (37.0-50.25 mmol l1). This may indicate that NaHC03 has a role other than as a pH-buffering molecule.
Bicarbonate maintains the motility of caput and caudal bovine spermatozoa by acting to increase the intracellular pH (Vijayaraghavan et al, 1985) . It is also reported to play an important role in hyperactivation of mouse (Neill and OldsClarke, 1987) , guinea-pig (Bhattacharyya and Yanagimachi, 1988) , and hamster (Boatman and Robbins, 1991) spermatozoa.
Bicarbonate stimulates mammalian sperm adenylate cyclase (Okamura et al, 1985; Garty and Salomon, 1987; Tajima et al, 1987) and hence production of cAMP; cAMP promotes sperm motility and fertilizing ability in many species (reviewed by Fraser and Monks, 1990) . In mice, it was suggested that NaHC03 is necessary for the Ca + influx into spermatozoa (Lee and Storey, 1986) and its concentration may be critical for supporting the acrosome reaction (Neill and Olds-Clarke, 1987) . Suzuki et al (1994) provided evidence that bicarbonate promotes fertilization of pig oocytes in vitro primarily through effects on spermatozoa rather than oocytes. Consistent with this conclusion, Harrison el al (1993), using flow cytometry, observed an early, large influx of Ca2+ into boar spermatozoa when bicarbonate is present. They suggested that this mem¬ brane destabilization represents an early step in capacitation.
These findings suggest that changes in sperm intracellular pH, Ca2+ and cAMP occur during incubation in media containing higher concentrations of NaHC03, thereby promoting sperm motility and capacitation.
In the present study, using caffeine-containing protein-free mBO medium, sperm motility, vitality and fertilizing ability were similar in both the presence and absence of PVA. In contrast, Tajik et al (1994) reported penetration of cumulus-free bovine oocytes in protein-free, caffeine-and heparin-containing media only when PVA was included. In other species, PVA has proved unable to support fertilization in vitro (hamsters: Bavister, 1981; mice: Fraser, 1985; cattle: Parrish et al, 1989 (Sullivan et al, 1990) and bovine (Fukui, 1990) spermatozoa.
During incubation of mouse (Fraser and McDermott, 1992) , human (DasGupta et al, 1993) and bovine (Fraser et al, 1995) 
